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I ZTLE : F i n a l  R e p o r t  on  t h e  Development of a Cornpletc 
Unge o f  Current L i m i t e r s  from 1/32 er,psrc 
t‘:rough 5 amperes having a Slow-Blow Charac te r -  
: ; t ic .  

. 
PERIOD COVERED 
EY fcEPOrn: J u l y  1963 t o  February 2 9 ,  1964 

1 , 6 1 C ’ I  ( ’<  C r 9 n  * 3 IC. 
:%? - 13‘.h Street 
Santa Monica, C a l i f o r n i a  

2 .  To supply twenty f ive  working v n l t s  of each 
of t h e  f o l l o w i n g  c a r r e n r  Limi te r  ratings to’ 

1 / 3 2  ampere 314 ampere 
l / l h  ampere l ampere 
118 ampere 1‘3 ampere 
114 ampere 2 ampere 
3/8  ampere 3 ampere 
1 / 2  ampere 5 ampere 

3. To p repa re  a t e n t a t i v e  procurement s p e c i f i c a t i o n  
for t h e s e  slow-blow c u r r e n t  limiters. 

-- 
3. I.. . Hi tche l son ,  Pro;rct Engineer 
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6'. 1.0 ARSTRACT 

F1 

i 

1.1 p c k 3 - 7  
This r e p o r t  c w e r s  a l l  the work done under NASA Contrac t  

NAS-S-3481. The o b j e c t i v e  was t o  deve lop  a complete l i n e  of  

p r e c i s f o n  c u r r e n t  l i m i t e r s  in the range  1 /32  amperre t o  5 an- 

p e r e s  having B Slow time o f  one (1) second a t  2009. of r a t e d  

c u r r e n t .  The work was div ided  i n t o  f o u r  main c a t e g o r i e s :  

Pre l iminary  s t u d y  Development 

m o d i f i c a t i o n s  t o  c u r r e n t  l i m i t e r  t ypes  p r e v i o u s l y  produced 

by H i c r o l e c t r o n ,  Inc. would be  necessary  i n  o r d e r  t o  produce 

t h e  k ind  of  limiter r equ i r ed  by t h i s  c o n t r a c t .  P a r t i c u l a r  a b -  

tention was paid t o  an a t tempt  t~ d e c r e a s e  the r e s i s t a n c e  o f  

l i m i t e r s  i n  each  r a t i n g  ca tegory .  

1.3 Development 

U s i n g  t h e  o v e r a l l  dev ice  designs r e s u l t i n g  from t h e  p re l imina ry  

s t u d y ,  exper imenta l  work was done on each l imi te r  r a t i n g  to es- 

t a b l i s h  i n d i v i d u a l  des ign  requi rements  for t h a t  p a r t i c u l a r  r a t i n g .  

1.4 Eva lua t ion  T e s t i n g  

The detailed c h a r a c t e r i s t i c s  a f  the c u r r e n t  l i m i t e r s  were de- 

te rmined  from a scries af tests: Load L i f e ;  S t a b i l i t y ;  Clear- 

ing Time; k m e n t a r y  Overload; Case Temperature. 

-1- 



. 
3 G b 3 -  9 

P* 1.5 O t a b l i s h r a e n t  of Standards T, 

The product ion processes  deterained by t h e  development work 

were w r i t t e n  into t h e  e x i s t i n g  Micro lec t ron  process  s p e c i f i c a -  

t i o n s .  Quality requirements  f o r  t h e  f i n i s h e d  product  were de- 

t a i l e d  i n  a recommended procurement s p e c i f i c a t i o n  which is 

inc luded  a s  p a r t  o f  t h i s  report. 

f 

! , 6  Cont rac t  Rtlsult s 

- &he c m t r e c t  oajcr"_"-*-s were met F?r 811 r a t i n g  v a l u e s  wi th  t h e  

cx;ep:ioi < x F  th,e 1 / 3 2  amp d w Z c 3 .  Although experimecta? quanti- 

t i e s  o f  1 / 3 2  lirricers were produced, t h e  y f e i d  w e s  l c w  and the 

r e l i a b i l i t y  ur - red tc taD!c .  For this reason  v.i-rk nn t h e  1/32 

l i n - i t e r  wu': dir;co?:i?;sd. 

m n t  of  this dev ice  on company funds,  and should product ion  f e a s i -  

b i l i t y  be demonstrated,  t e s t  d a t e  and seaples w i l l  be forwarded t o  

NASA. 

M?cro?ectron will cor~tiocte develop- 

The r e s i s t a n c e  o f  t h e  l imiters varies from 2 5 . 0  b-15 f o r  

t h e  1 /16  ampere t o  0.022 ohms for t h e  5 ampere. 

a dec rease  In c i r c u i t  r e s i s t a n c e  from va lue8  obtained on NASA 

Contrac t  Number NAS 5-2780. Mic to lec t ron  w i l l  proceed t o  menu- 

f a c t u r e  s t o c k  q u a n t i t i e s  of t h e  limiters s p e c i f i e d  and off-the- 

shelf d e l i v e r i e s  w i l l  be o b t a i n a b l e  by J u l y ,  1964. Q u v r ~ G  R 

This r e p r e s e n t s  

- 2 -  



2.0 

2.1 

. 

h r D O S c  

,'ne purpose of t h i s  c o n t r z c t  was t o  modify standard Hicroiectron 

current l imiters t o  meet a 1 second t i m e  to c l e a r  a t  200% of  

rated current .  The rating categorfes to he nodifse: ,  a r e  as 

3 14 

1 

1 :  

2 

3 

amperes 

amperes 

amperes 

a r :  t> -"s 

or iperes  

alnpetes 

il f u r t h e r  purpose: xtdertaken ~y Microlectro?. was to write a 

Euggested procurement s 7 e c i f i c a t f o n  ro e s t a 2 l i s h  B basis f o r  a 

m i l i t a r y  s p e c i f i c a t i o n  for this type o f  i ? + T r : c , > .  

-3 - 



r"? 3.9 Con fereuce 
F 

3 .  i !h September 9 ,  1963, Mr. W. P. Jones of : 'AS ?over Sources 

Branch, G r e e n b e l t ,  Maryland, visited Micrclectron :.Li Canta 

tl'.onice to review progress and d i s c u s s  pr?ile 

on t h e  contrac t .  Microlectron agreed t o  run a series o f  tests 

to  determine the  e f f e c t s  of momentary over loads  an the l i m i t e r  

c h a r a c t e r i s t i c .  It was agreed that  t h e  tests would be con- 

ducted a t  a 60 c p s  rate  w i t h  a 0 . 1 2 5  duty c y c l e  and a peak 

3". q'"-l 1 ,,p 1.7' - of  r a t c d  cEr-t'n.t. 

-4 - 
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4.0  

4. I 

4. : . .1  

. - . .. L '  
^ ,  _ *  ._... 

4 . L . l . 3  

4.1.1.4 

4.1 * 1.5 

4 .1 .1 .6  

4-1.2 

4.1.2.1 

,u 'arrative arid Data 

Design C m s i d e r a  t i ons  

The d e t a i l e d  s p e c i f i c a t i o n s  of  t h e  l imiters  t o  b e  developed un-  

d e r  t h i s  c o n t r a c t  a r e  t o  be i n  every  way tne 

Micro lec t ron  1i;niSers except f o r  t h e  one second time to clear 

s p e c i f i c a t i o n .  Th i s  requires t h e  design o b j e c t i v e s  t o  be s p e c i -  

f i e d  in 4.1.1 and 4.1.2. 

E l  ec  t r i c  a 1 Recu d r emen t 6 

n ir\';ye.' ?.$ 11~:' 1.. ~ecorldr 7 %  

:+ r -  S I J  p s t 3 3 :  :sac:: - +  L - 3  ' t '  -I . p 

;03 :nd 5 W  p e r c e z t  of r a t e d  cu r re : i t  i n  accordance w i t h  i i r t i t c r =  

develcped unde r  NASA Contrac t  Xd. U S  5-273Q.  

Resis tance :  T o  be kept a s  low a s  ~ O : : P : L ~ ~ P .  

Tempera tare  Cce f f ic fell t : 

Load L i f e  S tab i  1 i t y  : 

a e f o r e  and a f t e r  l t d  rivurs l o a d  i i ' p  co  D e  12s: t h a n  f 5 

Momentary Overload: A i r  2d.l i t  i e n a l  rcquireaent ur-.der 

t h i s  c o n t r a c t  is t o a t  : imiters  s t m u ' i  I-cG-~:: c l c c ~ r C c ~ , . l y  i - i tsct  

a f t e r  momentary over load  t e s t s  conducted a t  00 C ~ S  w i t h  a 0.125 

d u t y  c y c l e  and a peak pulse  ampl i tude  of 20o"L of  r a t e d  c u r r e n t .  

&chan ice l  Reauiremente 

Con f tgura  t ion  : To b e  a s  s p e c i f i e d  by Microlec t ron  Dwg. X u .  A25041. 

._ i500 p a r t s  p e r  rF'::<r>r. ?er 'L. 

x r i e  L .  

i 

i 
5 4.1.3 F a b r i c a t i o n  

The fusfole element of a c u r r e n t  l i m i t e r  is manufactured b j  p r f n t -  

ing a cermet conduct ive  f i l m  on a g l a s s  s u b s t r a t e .  S i l v e r  ter-  

mina t ions  and cermet element patiis a r e  s i l k  screened  on t h e  sub- 

s t r a t e  and s e c u r e l y  bonded by C ' i r inq  a t  h i g h  temperacares .  



F' 4 .1 .3  _I ? s ' \ x i c a  t i o n  (Con t inued)  

T k  f~?6?"le  elem?t: i? Frorected by a g l a s s  c o a t i n g .  Wire 

l esds  are t h e n  s o l d v s c d  or l to t h e  s i l v e r  t e rmina t ions  a r d  t : e  

3ody of t h e  device is encepsxlated in an epoxy molding corn- 

pond. The configuration of a completed current li-iter is 

shown in the appended procurement specif icat ion,  Mlcrolectron 

Drawing Fiv. A 2 5 0 4 1 ,  

The clentir*.rZ charac ter t s t i c s  of a current limiter a r e  

c'spenden- cn t h e  Y ~ O S ~ C ? ' ~  ( 3 f  tale f L ~ c ~ i * ' . c  eleTent ~ f . 4  fts re- 

5 - - -c fcnc"  s i t  is necessary t 3  T - <'I ' 7 s  re ;: s t a  2cL' o f  

t n e  eLew:t t o  a designated value  f o r  cac'x type c f  l imiter  be-  

fore t h e  g l a s s  ins:lstor is p r i n 5 s d  over the clement. The 

sTerial problem of moktqg  r?le n e c e s s a r y  resis:ance measuremeits 

? w i n g  these operations is  d e s c r i b e d  in Sect i . cn  4.3.  i. 



f""" 

viewer! tc determine what des ign  mod i f i ca t ions  were required i n  

o r d e r  t o  produce a l i m i t e r  t h a t  would meet t h e  o b i e c t i v e s  o f  

the c o n t r a c t .  It vas decided t h a t  t h e  a r e a  of t h e  f u s i b l e  

t-lement f i l m  necdec! inr rees inr :  s liglL:!y. 

7 .  ~imtters. the c?rrc;' vzlue oi-' elcrnt'nt a r e a  r equ i r ed  t G  produce 

a c x r c n t  l i m i t e r  w i t , '  t h e  d e r i r e d  c%azacter : .s t ics  was determined.  

;it- p a r t i c u l a r  c!lFensior,s sc',ccLed f o r  t h e  f u q i b l e  element were 

adopted a s  s t anda rd  f o r  a l l  l imi te rs  developed under  tnis c o n t r a c t .  

The l a s t  s t a g e  in  g e n e r a l  des ign  r n o d i f i c a r i m  was  t o  de- 

termine the  r e s i s t a n c e  versus  r a t i n g  cu rve  f o r  l i m i t e r s  :having 

t h e  modified element geometry. To ach ieve  this, s e v e r a l  groups 

o f  l imiters having element r e s i s t a n c e s  spread  in t he  range  0.020 

ohms t o  30 ohms were mnufac tu red .  The various c u r r e n t  r a t i n g s  

of these  limiters were determined by measuring t h e i r  tlme t o  

clear f o r  d i f f e r e n t  overload currents. A p l o t  of r e s i s t a n c e  

versus r a t i n g  achieved  In t h i 8  way is shown I n  Figure  1, to-  

g e t h e r  w i t h  t h e  similar graph  which was p r o j e c t e d  from the re- 

s i s t a n c e  v a l u e s  of t h e  1/16,  1, and 3 ampere l imiters p rev ious ly  

manufectured by Microlectron.  It w i l l  be seen t h a t  t h e  r e s i s t a n c e  



$1 4.2.1 Genera 1 Des t an  Modifica cion (Cont inucd)  

o f  t h e  newly developed l imiters i s  l i t t l e  cnanged f o r  l i m i t e r s  

a t  t he  low c u r r e n t  end of t h e  range ( L / l 6 ,  1 /8 ,  1/4 ampere) ,  aut 

a reduct ion  of up t o  309'. was acnieved towards the higher  c u r r t 7  

end of t h e  range. 

4.2.2 Individua 1 Des i n n  Mod i f  i c a  t iog 

Using t h e  r e s i s t a n c e  versus  r a t i n g  c u r v e  d e s c r i n e d  i n  4 . 2 . 1 ,  

t h e  a n t i c i p a t e d  va luc  o f  the f u s i b l e  element of each t y p e  cf 

l i r - i t e r  c a t e g o r i z e d  in L -  1 w:cis d*>f-erTirled. T 1': '7:lLk o f  t h e  

wry. y~. -5 '~r rneF u;:ic:r t ' : i s  c o n t r a c t  w-c - T  ~ ~ j r )  'v: 

3- I r l  e - 'T 5.: 1 r w ' , . +  1341 :.~;d coqdscr;qg t e ~ t _ ~  :t.r 

r e s u l t i n g  iLmitcis pctFsossed t h e  required c l e a r  time c h a r a c t e r i s -  

tic. This involved mawfac t i l r inn  test groups of l i m i c e r s  hav ing  

the ant icLnated  c o r r e c t  r e s i s t a m e  af7d t h e n  w3surFng t h e i r  T8:i.?g 

T ~ Y I  t h e  t - i n i e  tc c l e a r  values. -;rm-e ~.l- .r??c=8-.\ ,  c G r t . t i r  * : e s t s  

were r ~ n  to establish product ion spec!  f i c a t : - n c  'CT cai.7 - levice.  

When t h e  c o r r e c t  r e s i s t a n c e  va lue  idr each  t y p e  of  

l imiter  w8s determined and v e r i f i e d ,  the procesr s p e c i f i c a t i ~ n s  

f o r  t h e  1 /16  amp, 1 amp and 3 amp l i m i t e r s  were r e v i s e d  t o  cwyep 

t h e  new v a l u e s .  

4.2.3 Development T e s t  inn Met hod 

6.2.3.1 Determinat ion of Ratink 

I n  o r d e r  t o  de termine  the  c u r r e n t  r a c i n g  o f  a uniform group of 

l imiters  they  were evenly d i v i d e d  i n t o  fou r  sub-groups. The 

v a r i o u s  sub-groups were subjected t o  d i f f e r e n t  c u r r e n t  o v e r l o a d s  

and the  time t o  c l e a r  for  each  l i m i t e r  w8s measured a s  d e s c r i b e d  

-8 - 



.+. I T  -' Prc: ;1 A&- enq and Si i Iu t  ions 

&*?.I Re s is t a 3c e % ~ s  uremen t& 

A s  the m j c r i t y  of t h e  limiters have r e s i s t a n c e s  u c d e r  one ohx,  

mensurements had to b e  -de w i t h  exircme care in order t o  main- 

t a i n  measurement accuracy. After cons ideraDle  experimentatton 

w i t h  measurement techniques and d e v i c e s ,  the K e i t n l e y  Mcdel 503, 

Miltiohmmeter was s e l e c t e d  a s  t h e  best instrument for prcrduction 

zse. T h f s  instrument a t i l i z c s  a four-terminal measurement ~ E C : I -  

-?&-*>: '  3r.c" 

Aix\ .', im, :,;niter 

This vel-:r. ~ ' 3 s  s d c c e s F f u l l y  modified w i t : >  L':> ? ? ~ < r p <  c b z r a c t e r l s -  

tics b u t  d x r i r g  *:src: made a*-  l L w ' ,  --.'crlaa-? t2r~instion sslder 

mc?:ed s n d  wac i . 1  

s? lved bv t h e  use of  I "F.4- Zez-perature s o l d e r  w i t h  a --e?tii-q pfr: 

in e x c r s s  c - f  t ' i a t  encounter25 .*.hen ;==ra t l r , ;  t5c .'eJice under t h e  

abnormal coni.: t i @ R  ~f lcng-term 10% n v e r '  . x d  

> Z < >  a n  over i ;  i-ic-:..-:cy - F  f 2 7 .  

-.I 
A *  1.2 -...- 

4 . 3 . 3  The I /  &'>!--: i i v i  t t ~  

D i f f i c u l t y  was encouiltered 1 ~ 1  mocii:;.ini; L'YC c2.c-zcn~ f a r m c i a t i c :  f o r  

the 1/32  ai*p l i m i t e r .  Res is tence  tended to b e  uns tab le  w i t b  conse- 

quent low l i e l d s  and poor r e l i a b i l i t y  and i t  became apparent that  

8n improved formulation would have t o  ~e developed t o  make t h i e  

device  a p-oduction f e a s i b i l i t y .  A 8  this m n n t  w - a r k i n p  on a more 

e x t e n s i v e  program then t h a t  covered by the  terms of the  contract, 

no further  work was done o n  t h i s  value. Microlectron p lans  to  

s t a r t  t h i s  work l a t e r  i n  the y e a r  and when production f e a s i b i l i t y  

has been demonstrated, s a m p l e  p a r t s  will be forwarded t o  ,VASA w i t h  

supporting test data .  

-1Q- 
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4.4 

4.4.  I ResiStanCf &asurements 

-- 3 e s C W ;  n of T e s t s e n d  Equipment t" 
T ~ w  r e s i s t a n c e  measurewent techniques were employed: a four- 

terminal  ~ 8 ~ u r e r n e n t  a t  low c u r r e n t  and  t h e  c a l c u l a r i o n  of 

r e s i s t a n c e  from v o l t a g e  drop  measurements R t r a t ~ c !  C'JzrP-nt. 

4.4.1.1 @loaded Res i s t ance  

The Instrument used i n  making t h e  low c u r r e n t  measurement was 

t'ne K e i t h l e y  Model 503 Mil l iohmeter .  The maximum c u r r e n t  8pplLed 

i r e s ;  m a x i m m  d i s s f p a t ' -  was 9 r i C T m 3 t ) r ( ; .  A c -  

c s 7 - 3 9 ~  - C  7c.asurement using t h i s  .2p?ota?*.q 7 ' -  - e ( - -  t''.?T. 

f -=, - A d . .  

5 . r c . L . S  Y - '  -.to= T)m& 

A group o f  ; ini ters  t o  teccP:c  voltage drop readings was con- 

nected i n  s e r i e s  to a c u r r e n t - r e g u l a t e d  DC power supply which 

psssed r a t e d  c u r r e n t  through t h e  l h f t e y ? .  ". " *  f.: k7a c Fox 

iten to r c a c h  a 

*:r3tF <?E thermal cquilibrtun. T ' . r  v c i t a g t !  drop a c i u s s  eat:. 

liniter xas then measured us;.ng t e s t  probes attached t o  a 

Hewlett-Packard d i g i t a l  vo l tme te r .  I n  making these measure- 

ments,  t h e  test probes were placed a s  cLcse t o  t h e  body cf 

t h e  l imiters  as  p o s s i b l e ,  i n  crder t o  elirnjnate errors due ta 

lead r e s i s t a n c e .  A l s o  t h e  t e F t  pro'iee were cf LwA~ ~ S F  LE 

order t o  avo id  d i s t u r b i n g  t h e  thermal e q u i l i b r i u m  of t h e  

l i m t t e r  a s  t h e  measurement was ueing made. Accuracy of t h i s  

meesurenent was within f 2%. 

Figure 2. 

The t e s t  c i r c u i t  is  shown i n  



B1 4.4.2 had L i f e  

TO test e l e c t r i c a l  s t a b i l i t y  a l l  l i m i t e r s  were sub jec t ed  t o  

169 hwrs  of c o r t i n u o u s  op- ra t ion  a t  DC r a t e d  current. The 

l i d t e r s  i n  each r a t i s g  g r o u p  were connected i n  series t o  si 

DC r e g u l a t e d  F w e r  supply a d j u s t e d  tQ  supply rated curre i i t  

A f t e r  one hour o f  ope ra t ion  t o  a l l o w  the limiters to  s t a b i l i z e ,  

voltage drop r ead ings  were taken. Readings were agein  t aken  

8 t  the end of t h e  168 hour y e r i c d .  Percentage d e v i a t i o n  be-  

tiA-t'en these readings Wl6 ?.e63 :na:- .! f" t -:'r a l l  rating - -?~ :Ps .  

&le? circuit used  f p v  t i 6  t e a r  was t ' i e  WFR *:-at useo frr I; 

:*cI * - R P  drr3*, read::r,zs (See FQsure 2 )  

r . 4 . 3  C ~ , . ~ ~ ~ ~ ' ,  

The t e s t  c i r c u i t  baed 13 s!mm f ?  Figure 3 a-td c o n s i s t s  cs- 

s c v t t a l l y  of a 48 v o l t  3at t  

i_-. , s h o r t  c i r c u i t  curr--tts up '0 200 aqperes fc r  s h o r t  l i l r L t i c n s .  

The b a t t e r y  o u t p u t  ' *as  connc?cteil t 3  the  f i y n l t e r  ir-tder tefit 

througn an  ammeter, a mercury & w i t c h ,  and a resititamr decade. 

The c lea r ing  t i m e  was measured by means of  a Mewlett-Packard 

Hodel li23C!D E l e c t r o n i c  Counter v h i c h  was s t a r t e d  end stopped 

by the c u r r e n t  pulse a p p l i e d  t o  t h e  l imiter.  

In  o p e r a t i o n ,  t h e  p o i n t  a t  which t h e  l f m f t e r  was t o  be 

i n s e r t e d  was first shor t ed  o u t  by a s t anda rd  r e s i s t a n c e  equiva- 

lent i n  Value t o  the l imiter  r e s i s t a n c e .  The c u r r e n t  was then 

t u rned  on and s e t  t o  t h e  d e s i r e d  ove r load  value by a d j u s t f n g  the 

r e s i s t a n c e  decade. The c u r r e n t  was then  tu rned  off and t h e  

l i m i t e r  under test  s u b s t i t u t e d  f o r  Che s t a n d a r d  r e s i s t a n c e  and 



p 6 . 4 . 3  Clearing Time (Continaed) 

. 

F' 

I 
f 

The counter  re-set t o  zero.  The mercury swi t ch  was c l o s e d  and 

the c u r r e n t  flowed i n  t h e  c i r c u i t  u n t i l  t h e  f i m i t e r  c l e a r e d .  

The v o l t a g e  pulse developed a c r o s s  t b e  decade res i?r2- :cr  5r'sq 

used a9 a s t o p  and s t a r t  s i g n a l  f o r  t he  coun tc r  EO : ' > a t  the  

f i n a l  reading  on the counter  was an e x a c t  i n d i c a t i o n  of  the 

l i m i t e r  t i m e  t o  c l e a r .  

4.4.A &mentsry Overload 

P. q u a n t i t y  uf twenty-five ( 2 5 )  curr5y.t  . :-lt.rs 3' - ,  I *  .--i-ere 

< r r  a per iod  

af  f i f t y  ( 5 0 )  . : G u ~ s .  Tne l i r - i r p r s  w r r e  cofir?ectec! i: r e r i e s  tr: 

a pulsed  c o n s t a n t  c u r r e n t  g e n e r a t o r  w i t h  a squa re  c u r r e n t  p u l s e  

of two ( 2 )  m i l l i s e c o n d s  duration a t  a u 0  cps r e p i t i t i n n  f r e -  

quency, The ampli tude of t h e  pulRe ~ 3 %  r d j  tcd to 2i?: ; 'ercent 

crf t h e  2 ~ r r e p . i  rating s i  t h e  Iivfters u ' e r  :*T,.. 

4.4.5 Case Ternvgget Lire 

Three l imfters  b v i n a  the b t g k e s t  v 3 1  r p g e  dro? resdings  sf:cr 

load l i f e  were selected from each racivig category  for cese 

t empera ture  readings .  A West Ins t rument  Corpcra t ion  ?lode1 B 

s u r f a c e  reading  ( l o w  maso) thennometer v a s  used i n  the test. 

The t h r e e  l imiters  s e l e c t e d  were connected i n  series t o  a power 

supply and t h e i r  r a t e d  DC c u r r e n t  was passed through them. The 

current was al lowed t o  f l o w  for f i f t e e n  (15) minutes  t o  ensu re  

t h e t  t he  limiters had reached t h e i r  e q u i l i b r f u m  temperature .  

The s u r f a c e  r ead ing  thermometer was t h e n  used t o  f i n d  and measure 

the  maximum t empera ture  OR the case of t h e  l i m i t e r .  Care was 

-13- 
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4 . 5 . 4  yomentary O v e r I m d  

c u r r e n t  l i l n i t e r  r e s i s t a r c e  wag wesyired before e?ci a f t e r  t h e  

20TL momentary overload tes: C e s c r f w d  i n  paragrap5 4 . 4 . 4 ,  

T'i-ere w a s  no change in resista3re a s  a result of  :*,cse t e s t s  

end when f i r e d ,  parts n e t  t h e  c l e a r i n g  t lme c h a r a c c e r t s t i c  

shown i n  f i g u r e  4. 

4 . 5 . 5  Case Temperature 

The maximum case temperatures are recorded In Table 13. The 

1 - , - ~ 7 ~ =  of t e m p e r a t u r e  .a:l-e:, ..*-:. ;TC,TI - 5 3  > 1' C. fe r  t.1e 1 / 1 6  

,. c-?. :hn > I - ? l e - r r 3  :v _t. LI * . ...- c r e  1 4 . r  : > r c -  cc 

-16- 



E O  rated va lue .  

C l ? a r i ? g  c5oracterfs t ica  d e v i a t e  by no more than + IW. 
(Jf an:-:icicci current o v e r l o a d  for a g i v e n  time to rleor. 

Vi),re c ion : 

ax io1 t l  irec t i o n ,  

LOO g f o r  11 rni11isvc~mds 

(Operared with rated current) 

3 to 50 cps, 0.4 inch double ampll- 
t ode. 

50 t o  400 C P 6 ,  

400 to 3000 cps, 15 g rms. 

10 g rm8 

Acce lera t ion  100 g a long each of the six orthogonal axe8. 

-1 7 -  



r', 4 . 6 . 3  frice and Deliv e r Y  

4 . 6 . 3 . 1  p t i c g :  

The following prices are common to all types ) .  P300 current 

l i m i t e r :  

Quantity : 30-49 50-99 100-499 500-999 1000-4999 
Price : $3.85  $3.81 $3.76 $3.64 $3.59 

Quantity: 5000-9999 
Price : $3.55 

t . 6 . 3 . 2  Del ivery:  

T h i s  w i l l  Se accomplished over B p e r i o d  o f  five months ending i; 

Ply* 

4, C ~ 3 . 3  Acceptsrice i''-t=: 

All. Lots will be tested nccordin;  t o  Microlectron S y e c b f i c a ~ f c b n  p i  
. e  

. 



m4, 5 .0  Conc l u s  ions 

The work accomplished on this c o n t r a c t  demonst ra tes  t h a t  a line 

of  l i m i t e r s  w i t h  v a l u e s  from 1 /16  amp t o  5 amps can be  manufac- 

t u r e d  with c l o s e l y  controlled f i r i n g  c h a r a c t e r i s t i c s ,  t n  l i n e  

with t h e  v a l u e s  previously developed under XASll Contrac t  Number 

HAS 5-2780. These limiters are r e l a t i v e l y  immune t o  a wide range 

of  environmental  c o n d i t i o n s ,  as  d e t a i l e d  in t h e  hppendix of t h i s  

r e p o r t .  

. 

:\p fT:trrs r<ll   IO^ p.! C‘T r l ~ - ~ ; ’ ~ a d t .  .-rLter, s~t.jec:.-li t o  t>c  o-;?:- 

: c a ?  r.m:”:ba-s c3vered 5y t h e  a rea  t o  t5e l e f t  2f  t;:e firing 

time envelope shown in Figure 4 ,  and w:ii o::e:. rc7z- :.:i~Ic,p,d_c d t h -  

i n  the  area of t h e  curve. I n  c h e i r  a p p l i c a t i o n  a s  p r o t e c t i o n  de- 

v i c e s  for power sourceLr, they w i l l  open under trznsient: over- 

loads, but w i l l  g i v e  power seurce p r o t e c t i o n  under l o n g e r - t e r v  

ove r loads  w h i c h  would damage or drain t * - ~ *  pwer sources. 

The current I fn i te r  is not c r i t i c a l  with r e g n r -  rc -r..~-:iing, 3at 

lead l e n g t h  shvuld h e  he ld  a s  s h o r t  a s  po~sible to h ~ i d  c i r cu4 . t  

r e s i s t a n c e  a t  a minimum. 

The prime o b j e c t i v e  of t h e  c m t r a c t  was t o  modify e x i s t i n g  limiter 

designs t o  provide 8 rsnge of v a l u e s  from 1/32 amp to 5 amps. 

With the excep t ion  of the  1/32  amp limiter, t h i s  o b j e c t i v e  has 

been accomplished. 

i t  became wident that  t h e  existing processes and materials were 

Work on t h e  1/32 amp d e v i c e  w a s  stopped when 

not capab le  of producing reasonable production yields or  predlct- 

a b l e  r e l l a b l l i t y .  A r e sea rch  program w i l l  be s t a r t e d  l a t e r  chic  

-19- 



5 . 0  Conclusions (Continued) 

yea r  on Micro lec t ron  funds, and when product ion  f e a s i b i l i t y  has 

been dernormtreted, sample p a r t s  w i l l  be forwarded t o  .%SA w i t h  

t h e  suppor t ing  test data .  

A second o b j e c t i v e  vas t o  reduce  the  o v e r a l l  r e s i s t a n c e  of the 

t h r e e  v a l u e s  p rev ious ly  produced by Micro lec t ron .  The resist- 

ance  of the 1 amp device  was reduced by 23%. t h e  5 amp v a l u e  by 

8X and EO t e d z c t i o n  on t h e  1 /16  amp dev ice .  O t h e r  values de- 

Mifrnlectron w i l l  proceed t o  b c i h d  up a s t o c k  c l f  a l l  v a l u e s  and 

o f f - t h e - s h e l f  d e l i v e r i e s  a r e  scheduled for July, 1964. Up ta 

t h a t  time s p e c i a l  o rders  w i l l  be  s u p p l i e d  on a three-week de- 

livery after r e c e i p t  of o r d e r .  

:-. 
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Effec t  of  Load L i f e  
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T I  FLE 1 S':f.!er 2. of 2 

Averages 1 .G5 1 . G I  I41 

Average Loaded Resistance A 5  Calculated f rm v o l t a g e  drop d f t e r  
J ~ a d  l i f e  ZG.2 o t i m b , .  

Eng i nee r Date 
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Voltage Drop st 3/?r impere 

Before Load L i f e  

&ve rages 0 2117 

Shest  1 of 2 

3/4 /-mpere L i m i  t c r  

0 , 3 0 0  
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NATION! L AERONAUTICS AND SPACE A D M I N I S T R P . T I Z N  

PROCUREMENT S P E C X C A T I O N  FOR C U R X E N T  LIMITERS 

i 

1 .G 

1 . ;  

SCOPE 

1. . 0 APPLICABLE DOCUMENTS 

2.1 MI Ll T A R Y  SPEC I F I C A T  I O N S  

MI L - 1  - 10 
MI L-3861 
MI L-STD- 

These do umtnts ,  o f  the  latest i s s u e  i n  eftect, form a p a r t  o f  
t h i b  procurcment bpecification o n l y  to t h e  e x t e n t  specified 
h e r e i n .  In the  e v e n t  of  any conflict betrteen the  dociJrnentb 
1 i,teu anu this procurement s p e c i f i c s t i o n ,  t h e  latter s h a l l  
l ove rn .  



3 . ;  

3.1 

. 
3 . 2  

3.2.1 

3 . 2 . 3  

3 03 

3 . 3 . 1  

3 . 3 . 2  

3 . 4  

B 

i 
3 - 5  

R E C U  I REMENTS 

pATERIA:L, The m a t e r i d 1  fo r  e a c i ~  pert shall be a s  sp,'c;fit.! 
t i e r t i n .  When a s i f i n i t t  m a t e r i a l  i b  n o t  > p t . c i f i e a ,  s u i t -  
a b l e  r n a t c r i d l  s h a l l  be u s e d .  Accvptance o r  approval o f  ary 
c o n s t i t u e n t  m;tteri'jl shdll n o t  >e c o n b t r u e d  a s  a g u a r a n t y  
of . t h e  f i n i  i h e d  produc t .  

VOLTAGE R A T I N G .  The vol  tage r a t i r i g  i 5 t h e  maximum nominal 
d i r e c t  c u r r e n t  or t h e  peak a l t e r n a t i n g  c u r r e n t  voltage for 
which a L u r r e n t  l i m i t e r  i s  dcs iyned ,  The v o l t a g e  r a t i n g  
shalt be  3 2  v o l t s .  

CURRENT R A T I N G .  The c u r r e n t  r a t i n g  i s  t he  nominal  a m o u n t  
of  c u r r e n t  a c u r r e n t  l i m i t e r  w i l l  c a r r y  i n d e f i n i t e l y  with-  
out b law ing .  T h e  c u r r e n t  r a t i n g  s h a l l  be a 5  bpecified i n  
M i c r o l e c t r o n  Drawing KO. A-25341 
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3 . 6 , 2  

3.7 
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: I. . j L  

j .3 

3 . 3 . 1  

n * 

3.3 .2  

3 . 3 . 3  

R E 5 I S TAN C E ~ 

RESISTPWCE REFOSE CLEARI' jG. When mcasured a 5  s p e c i f i e d  
i n  b 0 > . 2 ,  c u r r e n t  l i m i t e r  r e s i 3 t a n c c  > h G l l  cw d, 

s p e c i f i e d  i n  Microlectron D r a w i n ,  Y o ,  i , - Z j O L t l ,  

RESISTPNCE 3 E V I R T I O N .  When m e a s u r e d  d b  S p c - C i  f i e d  i n  
4.>.2, the  u e v i c i t r u n  b e t w e c n  tile f i r s t  c:t-,L l G s t  re -  
s i s t a n c e  mcc~suremcnt of  a l  1 quJI i : ics t ic ;n  t e s t s  J ~ t i j l l  
not  exceed floc/,- 

RESISTANCE AFTER C L E A R I N G .  Yher: measured J S  s p e c i f i e d  
i n  4,5.6,  r e s i s t < ? n c c  a f t c r  clec?rincj b h d 1 1  be 10 meijohms 
or g r e a t e r .  

STABILITY.  C u r r e n t  1 i m i  t e r 5  s h s l  1 shod  a r c s i - t s n c e  
d e v i a t i o n  o f  l e s s  t h a n  f 10 pcrcent  b e t w c ?  reLib tznce  
a f t e r  temperdture  > t a b i  1 izc3tiov &!id r e b i b t s r c e  a f t e r  
168 hours load l i f c ,  w h e n  measgrcd  a s  s p e c i f i e d  i n  
4.5.4 and 4 , ; . 2 .  I The r t - p e G t J b i  1 i i y  o t  vo l t age  drop 
readings t ahen  as  speci f i e d  i r i  4>> - 2 .  I s h a I 1  be + I %  
or S r t t e r .  



3 .  I O  

,n. 

3 . 1 1  

3.14 

3.  I5 

3.16 

3.17 . 

3 - 1 8  

,(- 

SHORT CIRCUIT.  Wh6.r t e s t e d  a s  s p ' c i f i t 5 d  i n  Parai;rc pt-i 
4.5,.7, c u r r " ' i t  1 i m i  t c r 5  s h ~ l  1 remL in  I I  tL - L  c -c  ' I 1 1  
open the  c i r c u i t  wi t nuu t  exces>ivcA a r c i n _ .  ? , , I  c ~ r r e n :  
l i m i t e r ,  s i i c ? l l  r cmdin  i n  tr ic ent.r>irc,d c i r c u i t  fur 2 m i n d t e s  
w i t h  no i n G i c c l t i o n  of r e s t r i i c t ,  Rc5i,tance ~ f t e r  f i r i n g  < - ' I 1  be 

least I O  megohms (3ee Parayr,jpk " i J .&>.  The c u r r e n t  
l i m i t e r  body bhall not r u p t u r e  dric! t c r r n i n d l s  shdl1 not be  
shunted  C u r r c n t  l i m i t e r s  s h a l l  riot e m i t  any flamc or  
m o l  tc-1 n i c t - 1 ,  J n d  sh,ill not rist o r  it'rnpcr.ttJrLs more than  
l , ?  C So;+- cmqi.nt :emperd:~rc ,  

0 

MARKIWG. Currt-nt 1 imi t c r s  >ha1 1 bc m o r h t u  w i  t h  c u r r e n t  
and v(i1 tayc  r a t i i i y  and tnc b t y l t -  raunlber P->Ob,  a s  s p e c i -  
f i e d  i n  l v d ' ~ l ,  d n d  I , ? * ? *  Mdrh iny  b h d l l  r cma in  l e g i b l e  
a f t e r  c o m p l t ' r i o n  o f  J I I  t e s t 2  required by t h i 5  s p e c i -  
f i c a t  i on. 

WORKWNSQIP.  C u r r e n t  1 i m i  t e r b  >tidl I be processed in such 
a mdnner!a> to  be u n i f o r m  i n  q b ~ l i t y  and shall meet t h e  
r e q u i r e m e n t s  of  3.2  t o  jO3"2 i n c l u s i v e ,  3 . 1 7 . 1  and 
3.16 L I S  a p p l i c a b l e ,  dnd be f r e e  from o t h e r  d e f e c t s  that  
w i  1 1  s f  fec:  1 i f e ,  s e r v i c e d b i  I i i y ,  o r  appearance. 
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CERTIF ICATION O F  MATERIAL, Wherr . i i b m i t t i n g  sample5 for 
qual i t i c z t i o q ,  !-he suppl  i t r  5hdl 1 pr3kicic c e r t i t  iiation 
in d d p l i c d t t  t h d t  the rnc l te r i a l s  a n d  proceb>es u b t d  are i n  
accordanct W I  t h  t h e  a p p i  i c d b l e  5 p c c i t i c d t i o n  rtyuirements. 
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